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Abstract 

[Constitution] To prepare an oil-emulsified composition containing high 
concentration of DHA and its beverage, by emulsifying the oil containing high 
concentration of DHA, together with sucrose diacetate hexaisobutyrate," 
polyglycerin aliphatic acid esters having HLB of higher than 10, and polyvalent 
alcohols having a water content of less than 50%. 

[Effect] An emusified composition containing high concentration of DHA and a 
beverage which is stable, free of fishy odor and unpleasant flavor and odor, and 
is useful as a health food, can be obtained. 

Claims 

[Claim 1] An emulsified composition containing high concentration of 
docosahexenoic acid ("high DHA emulsified composition", hereinafter), 
comprising (1) an oil that contains a high concentration of DHA ("high DHA 
oil", hereinafter), (2) sucrose diacetate hexaisobutyrate (SAIB), (3) polyglycerin 
aliphatic acid esters having a HLB of 10 or higher, and (4) polyvalent alcohols 
having water content of less than 50%. 

[Claim 2] A beverage, as characterized by adding high DHA emulsified 
composition comprising (1) high DHA oil, (2) sucrose diacetate hexaisobutyrate 
(SAIB), (3) polyglycerin aliphatic acid esters having a HLB of 10 or higher, and 
(4) polyvalent alcohols having water content of 50% or lower. 

Comprehensive explanation of invention 
[0001] 

[Field of commercial utility] 

This invention relates to an emulsified composition which contains DHA, is stable 
for a long period of time, and has very little unpleasant flavor or odor, and also to the 
beverage that is added with such emulsified composition. More particularly, this 
invention relates to a high DHA emulsified composition comprising (1) high DHA oil, 
(2) sucrose diacetate hexaisobutyrate (SAIB), (3) polyglycerin aliphatic acid esters 
having a HLB of 10 or higher, and (4) polyvalent alcohols having a water content of 
50% or lower, and also to a beverage that has been added with such emulsified 
composition. 
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[0002] 
[Prior art] 

DHA is a highly unsaturated aliphatic acid which exists in fish oil, together with 
eicosapentanoic acid (EPA). DHA and EPA are called <a-3 aliphatic acids where the 
double bond starts at the third carbon atom from the methyl group (neutral terminal) 
of the aliphatic acid. Beside these, cd-6 and o>-9 aliphatic acids exist also in nature. 
Due to its physiological function, a)-3 aliphatic acids have been investigated 
extensively. co-Aliphatic acids have physilogical functions such as abilities to lower 
cholesterol level, prevent thrombosis, and to suppress cancer. And, recent studies 
have revealed that DHA has other physiological functions such as improvement of 
memory, improvement of learning ability, and enhancement of brain development 
in infants, which are not available with other co-3 aliphatic acids. It was discovered 
that the fats in the eye socket (which was discarded in the past) in the head of bonita 
and tuna contained 30 - 40% DHA. After production of high DHA oil from the head 
of bonia or tuna by using a purification process that included removal of color, 
removal of odor, and removal of crystalline substance at -20 ^ -40°C (wintering), 
study of the application of high DHA oil has started to pickup its pace. 

[0003] 

With such background, several proposals have been offered to utilize these effects. 
For example, health food made from at least one kind of DHA extracted and isolated 
from marine animals and plants, its glycerides and their derivatives [Japanese Kokai 
Patent, SHO 57-169416(1982)]; a stabilized EPA-reinforced food that contain! marine 
chlorella powder and is free of fishy odor [Japanese Patent, SHO 63-5064(1988)]; a 
powder of highly unsaturated acid-containing oil prepared by emulsifying the highly 
unsaturated aliphatic acid with a partially hydrolyzed milk protein such as casein to 
enhance its stability against oxidation and for easier handling, and its preparation 
method [Japanese Kokai Patent, HEI 2-305898(1990)]; an aliphatic transfusion fluid 
which has an improved nutritional balance and has anti-thrombotic activity, prepared 
by using plant oil and fish oil that contains EPA and/or its glycerides [Japanese 
Patent, HEI 3-49890(1991)]; preparation method of functional food prepared by 
adding lactic acid bacterial and/or yeasts to run fermentation in order to eliminate 
the unpleasant fish oil odor [Japanese Patent, HEI 3-72264(1991)]; and preparation 
method of EPA-reinforced food prepared by adding hydra table proteins to the purified 
fish oil or to the oil that contains more than 10% of EPA, to prepare water-in-oil type 
emulsion, and mixing this emulsion with food [Japanese Patent, HEI 5-989(1993)], 
and so on have been proposed. 
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[0004] 

However, majority of the proposals described above have added DHA directly to the 
food or added DHA in the food as capsules or as a powder. There are some proposals 
that add and mix the emulsion to the food. In such case, those which have used milk 
proteins or hydrated proteins as the emulsifier have a problem of forming a 
precipitate when it is used in an acidic beverage. And, when, for example, an 
emulsion using lecithin was added to the beverage, such beverage had a problem 
because the lecithin itself has foreign flavor and foreign odor. Thus, development of 
a stable, odor-free DHA emulsified composition and application of such compound for 
beverage that includes acidic beverage, face numerous problems. 

[0005] 

And, a method of emulsifying oily substance in water or in polyvalent alcohol by 
using polyglycerin aliphatic acid esters [Japanese Kokai Patent, SHO 56-37040(1981)] 
and an emulsified composition for acidic beverage prepared by emulsifying an edible 
oily material such as natural essential oil, flavoring material, and animal and plant 
oils together with sucrose diacetate hexaisobutyrate, polyglycerin aliphatic acid esters 
having a HLB of 8 or higher, and polyvalent alcohols having water content of 50% or 
less [Japanese Patent, HEI 5-27376(1993)] have been proposed also. However, these 
proposals did not disclose DHA emulsified composition that is free of fishy odor. 

[0006] 

And, in all these proposals, there is no disclosure about the emulsified composition 
of purified oil that contains high DHA oil obtained by purifying the fats and oils in 
the eye socket of bonita and tuna, and/or the purified oil that contains more than 20% 
of DHA, and the beverage that contains such compound. 

[0007] 

[Problems to be solved by the invention] 

Due to the focus on the functionalities of DHA, there are strong demand to develop 
a high DHA emulsifiee composition that is free of fishy odor and other unpleasant 
flavor and odor and will remain stable for a lengthy period of time, to develope acidic 
beverage containing such composition, and to apply it in various kinds of beverages. 
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[0008] 

[Means to solve the problems] 

As a result of an extensive investigation to solve the above-said problems, the 
present inventors have discovered that the emulsion prepared by using the fats and 
oils from the eye socket of bonita and tuna as the raw starting material, using the 
high DHA oil and/or the purified oil containing 20% or more DHA purified from such 
raw material as the oil material, emulsifying such oil material with polyglycerin 
aliphatic ester having a HLB of 10 or higher and polyvalent alcohols having a water 
content of 50% or less, and adjusting the specific gravity with SAIB, is free of 
unpleasant flavor and odor such as fishy odor and can remain stable for a lengthy 
period of time, and furthermore it was discovered that such composition remains very 
stable in the beverage that includes acidic beverage. Based on this discovery, the 
present inventors have finally perfected this invention. 

[0009] 

Thus, this invention can provide a high DHA emulsified composition which is 
prepared by adding and emulsifying the high DHA oil with polyglycerin aliphatic acid 
ester having a HLB of 10 or higher and polyvalent alcohols having a water content 
of 50% or less, and adjusting the specific gravity with SAIB, and can provide also the 
beverages that is added with such composition. This invention is explained 
comprehensively in the following. 

[0010] 

The high DHA oil (and fat) that can be used in this invention is the high DGA oil 
obtained by purifying the fats and oils from the eye socket in the head (okama) of 
bonita and tuna (in the past, these portion of the head of the fish was discarded). 
The fats and oils in the eye socket can be purified, for example, by heating the fats 
and oils taken from the eye socket area to separate the oil, decolorizing and 
deodorizing by treating with active carbon, and then removing the crystalline 
substances at -20°C - -40°C (wintering). DHA content in the fats and oils from the 
eye socket is about 20 - 30% with tuna and about 30 - 45% with bonita. And, the 
DHA content in the high DHA oil obtained by processing such fats and oils of the eye 
socket is about 30 - 40% and about 35 - 50%, respectively. Generally, the high DHA 
oil obtained by purifying the fats and oils from the eye socket of bonia and tuna 
contain about 25 - 45% (WAV) of DHA. 



5 



[0011] 

And, fish oil having DHA content of higher than 20% or their mixture obtained by 
physical purification method such as distillation, fractional crystallization or 
chromatography using the materials other than the fats and oils in the eye socket 
area of bonita and tuna, such as the fish oil obtained together with fish carcass from 
bonita, tuna, sardine and mackerel; chemical purification method by which the fish 
oil is mixed with silver nitrate solution having a concentration of 60% or higher to 
separate it from other aliphatic acid by taking advantage of the bondability of DHA 
with silver; or purification method by which the DHA content in the triglycerides is 
increased by ester exchange reaction using a lipase, and so on may be used as the 
high DHA oil in the present invention. However, it is proper to use a high DHA oil 
that contains more than 20% (WAV), preferably more than 35%, of DHA, in the 
present invention. 

[0012] 

Polyglycerin aliphatic esters that can be utilized in this invention are the esters 
formed from aliphatic acid having 8 or more carbon atoms and polyglycerin having 
3 or higher degree of polymerization. Examples are decaglycerin monoleate, 
decaglycerin monostearate, decaglycerin monopalmitate, decaglycerin monomyristate 
and so on, as long as its HLB is higher than about 10, preferably in about 12 - 14 
range. If polyglycerin aliphatic acid esters having a HLB of less than 10 is used, it 
will be difficult to prepare an emulsion containing particles having an uniform 
particle size. And, if the emulsion is unstable and such emulsion must be added in 
the beverage, it tends to cause precipitation or separation of oil. The amount of 
polyglycerin aliphatic acid esters to use is normally about 0.05 weight part ^ about 
0.5 weight part, preferably about 0.15 weight part about 0.3 weight part, to 1 
weight part of oily material. 

[0013] 

Examples of the polyvalent alcohols that can be utilized in this invention are 
sugars such as glycerin, propyleneglycol, sorbitol, maltitol, starch hydrolysate or 
reduced products, glucose, sucrose, maltose, or its mixture. The water content of 
these polyvalent alcohols is no higher than 50%, preferably 0 - 25%. If the water 
content is higher, the composition may lose its preservative property. The amount 
to use is normally from about 1 weight part to about 10 weight parts, preferably from 
about 1.5 weight part to about 5 weight parts, to 1 weight part of the oily material. 
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[0014] 

The SAIB which is used to adjust the specific gravity in this invention is the SAIB 
that has a specific gravity of from about 1.13 to about 1.19, preferably from about 
1.14 to about 1,15. While the amount of SAIB can be changed based on the specific 
gravity of the SAIB and the specific gravity of the desired emulsified composition, 
normally it is from about 0.2 weight part to about 0.8 weight part, preferably from 
about 0.4 weight part to about 0.6 weight part, to 1 weight part of the oily material. 

[0015] 

A preferred embodied example of the preparation method of the emulsified 
composition of this invention is illustrated below. First, the high DHA oil and SAIB 
are mixed and dissolved at room temperature ^ about 180°C, to form a 
homogeneously mixed oil. In this case, the mixing ratio of high DHA oil and SAIB 
can be selected to match the specific gravity of the beverage which is to be added with 
the composition of this invention after emulsification. 

[0016] 

One weight part of the thus-obtained mixed oil is mixed with about 2-50 weight 
parts (water content = about 5 - 10 weight %) of polyvalent alcohol solution that 
contains polyglycerin aliphatic acid ester, and they are emulsified by using a 
homomixer, colloidal mill or high pressure homogenizer, to obtain a fine, stabilized 
emulsion containg particles having a particle size of about 0.2 - 1 ji. 

[0017] 

If so desired, beside the polyglycerin aliphatic acid ester, the above-said polyvalent 
alcohol solution may be added with hydrophilic surface active agent such as sucrose 
aliphatic acid ester or sorbitan aliphatic acid ester, natural or synthetic gum such as 
gum Arabic, gum tragacanth, xantan gum or CMC, proteins such as gelatin or casein, 
and organic acid such as lactic acid, citric acid, malic acid, or tartaric acid to improve 
its preservability. On the other hand, if so desired, an oleophilic emulsifier such as 
glycerin aliphatic acid ester or sorbitan aliphatic acid ester may be added and mixed 
with the above-said high DHA oil. 

[0018] 

According to this invention, a health beverage that is expected to have physiological 
function, such as reduction of cholesterol, prevention of thrombosis, and improvement 
of memory or learning ability that can be attributed to a stable, odor-free DHA can 
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be obtained by adding, for example, about 0.02 ^ about 2 weight % of the 
composition acquired in the afore-said manner, to the beverage such as fruit juice, 
fermented beverage, carbonated drink and so on. 

[0019] 

This invention is explained further by way of the following examples. 

[0020] 
[Examples] 
Example 1 

Purified fish oil 100 g containing 35% DHA, lemon oil 20 g, SAIB 134 g and natural 
vitamin E 1 g were mixed and dissolved, to obtain a homogeneous mixture of oily 
material (d 20 20 = 1.03). This mixture was added to a solution prepared by mixing and 
dissolving glycerin 615 g, decaglycerin monoleate (HLB = 12) 60 g, and water 135 g, 
and they were agitated to disperse. Then, this was emulsified in a T>K. Homomixer 
(manufactured by Tokushu Kika Kogyo K.K.) at 5,000 rpm for 10 minutes, to obtain 
a homogeneously dispersed composition having a particle size of about 0.3 ~* about 
0.5 ]i (Product No. 1 of this invention). 

Comparative Example 1 

Procedure and condition of the Example 1 were employed, except using sucrose 
stearic acid ester (HLB = 15) 60 g to replace the decaglycerin monoleate (HLB = 12), 
to obtain an emulsified composition (Product No. 1 for comparison). 

[0021] 
Example 2 

After dissolving granular sugar 240 g, citric acid 8 g and vitamin C 0.5 g in an 
appropriate amount of water and adjusting the pH to 3.0 with sodium citrate, the 
volume was brought to 2 litres, to prepare a syrup for acid beverage. Emulsified 
composition (0.2 ml each) obtained in Example 1 and Comparative Example 1 was 
added to 200 ml each of this syrup, and it was filled in a bottle, and capped, and then 
it was sterilized at 85°C for 15 minutes, and cooled, to obtain a beverage. 

[0022] 
Example 3 

Purified fish oil 100 g containing 25% DHA, limonene 20 g, SAIB 134 g, natural 
vitamin E 1 g, and rosemary extract 0.5 g were mixed and dissolved, to obtain a 
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homogeneous mixture of oily material (d 20 20 = 1.03), After adding this mixture to 
a solution prepared by mixing and dissolving glycerin 630 g, decaglycerin 
monostearate (HLB = 12) 60 g and water 120 g and agitating to disperse, it was pre- 
emulsified in a T.K. Homomixer at 5,000 rpm for 5 minutes. This was emulsified in 
a two stage pressureized homogenizer (first stage = 200 kg/cm 2 , second stage = 50 
kg/cm 2 ), and then it was emulsified again under the same condition, to obtain a 
homogeneously emulsified composition having a particle size of about 0.1 - 0.3 ji 
(Product No. 2 of this invention). 

Comparative Example 2 

Procedure and condition of Example 3 were repeated, except using purified soybean 
lecithin 20 g to replace decaglycerin monostearate (HLB = 12) 60 g, to obtain an 
emulsified composition (Product No. 2 for comparison). 

[0023] 
Example 4 

After dissolving granular sugar 160 g and coffee extract (Bx = 20°) 150 g in an 
appropriate amount of water and adjusting the pH to 5.5, the volume was brought 
to 2 litres, to prepare a syrup for neutral beverage. Emulsified composition (0.2 ml 
each) obtained in Example 3 and Comparative Example 2 was added to this syrup 
(200 ml), and it was filled in a bottle and capped, and then sterilized at 85°C for 15 
minutes, and then cooled, to obtain a beverage. 

[0024] 

Reference example 1 

The beverage obtained in Example 2 was stored at room temperature for 3 months, 
and changes of the external temperature with time were compared. Results are 
presented in Table 1, 

[0025] 
[Table 1] 

Table 1 

Days stored 

7 Days 14 Days 30 Days 90 Davs 

Product No. 1 for comparison ++ ++ +++ +++ 

Product No. 1 of this invention ... 
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Each symbol in the table has the following meaning. 
[0026] 

- : No neck ring was seen. 

[0027] 

+ : minor neck ring was seen. 

[0028] 

+ : Neck ring was seen clearly. 

[0029] 

++ : Significant neck ring was seen. 

[0030] 

+++ : Neck ring was severe enough to form a layer. 

[0031] 

As clearly demonstrated by the results shown in Table 1, the Product No. 1 of this 
invention remained stable after 3 months, and phase separation such as precipitation, 
aggregation, or neck ring formation (oil has separated and floats like a ring on the 
surface of the fluid) was not observed, and thus had excellent emulsified state. In 
contrast, the Product No. 1 for comparison, showed significant neck ring formation 
in 1 week, and therefore it was in an unstable emulsified state. 

[0032] 

Reference Example 2 

After placing the emulsified composition 20 g obtained in Example 1 in a 50 ml 
glass container and sealing the container tightly, it was shaken in a 35°C incubator 
(amplitude = 70 mm, number of strokes = 120/minute) for 5 hours. Then, size of the 
particles was examined by a microscope. Results are presented in Table 2. 
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[0033] 
[Table 2] 

Table 2 Stability of emulsified composition (examined by microscope) 



Particle size 

Immediately after preparation After shaking 

Product No. 1 for comparison 0.3 - 3 p 0.3 - 5 p 

Product No. 1 of this invention 0.3 - 0.5 p 0.3 - 0.5 p 

As clearly demonstrated by the results shown in Table 2, particle size of the 
Product No. 1 of this invention immediately after its preparation was 0.3 - 0.5 p, and 
thus the size of particles was uniform. In contrast, particle size of the Product No. 
1 for comparison immediately after its preparation was 0.3 - 3 p, and thus there was 
variation in particle size. In addition, the particle size after shaking was 0.3 - 5 p, 
and therefore variation tends to become greater as the particles aggregate. Thus, 
the emulsion was in an unstable state. 

[0034] 

Reference Example 3 

Beverage obtained in Example 4 was stored at room temperature and at 40°C for 
14 days, and change of flavor with time was examined organoleptically. Results are 
presented in Table 3. 

[0035] 
[Table 3] 

Table 3 Change of flavor with time (organoleptic evaluation) 

Storage period (days) 

When prepared 3 Days 7 Days 14 Days 

Product No. 2 for comparison (R. T.) + + + +++ 

Product No. 2 for comparison (40°C) + + ++ +++ 

Product No. 2 of this invention (R. T.) , - ... 

Product No. 2 of this invention (40°C) - + 
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Each symbol in the table has the following meaning. 
[0036] 

- : No odor nor unpleasant flavor was noted. 

[0037] 

+ : Odor was noted but very slightly. 

[0038] 

+ : Slightly unplesant odor and flavor were noted. 

[0039] 

++ : Substantially unpleasant odor and flavor, and fishy odor were noted. 

[0040] 

+++ : Extremely unpleasant odor and flavor and fishy odor were noted, 

[0041] 

As clearly demonstrated by the results in Table 3, even though the Product No. 2 
of this invention showed very little odor after storing at 40°C for 14 days, but such 
odor was not detected when the sample was stored at room temperature. In 
contrast, the Product No. 2 for comparison gave abnormal flavor due to lecithin after 
storage at room temperature and 40°C, and also after its preparation, and the 
unpleasant flavor and odor increased with time. Meantime, fishy odor was detected 
also. 

[0042] 

[Effect of invention] 

Acdording to this invention, it is possible to prepare a stable, high DHA oil 
emulsified composion which is free of unpleasant flavor and odor and free of fishy 
odor, and also to prepare a beverage containing such composition. Thus, this 
invention is extremely useful as a health food, beverage and other areas. 
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